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A B S T R A C T

Membrane distillation (MD) is a promising separation technology that can help reducing the worldwide water-
energy stress in a sustainable way. MD uses low-grade thermal energy to drive desalination, to remove non-
volatile contaminants or to recover other components. In MD, the vapor from an aqueous solution crosses a
hydrophobic membrane and then it condensates at the other side of the membrane, resulting in a high-quality
distillate. Recent advances in MD have demonstrated the viability of this technology for different water
purification applications. This article presents a critical review of MD that focuses on applications for
sustainable water production and on issues that must be addressed to improve the performance of MD
desalination systems. To achieve sustainable desalination, different MD systems powered by solar, geothermal,
and waste energy have been designed and evaluated, as well as hybrid systems that allow accomplishing zero
liquid discharge. To achieve improved desalination, new membranes, membrane modules and MD configura-
tions have been proposed in the last years. Membrane fouling and scaling has been found to be one of the main
issues that limits MD at large-scale. Research gaps are highlighted and areas for further research – in terms of
sustainability and to improve the performance of MD systems– are proposed.

1. Introduction

Water and energy are closely related and both are commodities that
the world requires urgently –freshwater scarcity is a problem that is
expected to increase in the future due to growth of population pressure,
higher welfare, production of water intensive biofuels and climate
change [1]. Many measures have been implemented to solve this
problem, being one of them water reuse through desalination.
However, large amounts of energy (~50–70 kW h/m3 for thermal
processes and 3–6 kW h/m3 for electric energy demanding processes
such as RO [2]) are needed for water desalination [3]. Fossil fuels are
the common alternative for energy supply, but these fuels are not
sustainable due to the environmental effects of combustion and the

rapid depletion of fossil fuel reserves [4,5]. Therefore, sustainable
energy and methods are needed for freshwater production.

Membrane distillation (MD) is a temperature-driven separation process
that can help reducing the water-energy stress that our society is facing. MD
is used for applications such as desalination, removal of small molecule
contaminants, and recovery of other components [6]. In MD, the volatile
components of a feed solution evaporate and cross a microporous
hydrophobic membrane; then, these volatile components condensate in a
distillate (permeate) solution. This process results in a highly pure distillate
solution and a concentrated feed solution where the non-volatile solutes are
retained [7]. The driving force of MD is the vapor pressure difference
between the feed and distillate solutions, which causes evaporation at the
feed side of the membrane and condensation at the distillate side. The
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